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Abstract – The aim of this study was to investigate the level of 
technical efficiency in small-scale intensive shrimp farming. Data 
collected from 125 small-scale shrimp farmers in East Java 
Province, Indonesia. The levels of technical efficiency calculated 
using input oriented Data Envelopment Analysis (DEA). The 
results revealed that shrimp farmers in the study area were 
technically inefficient. Technical efficiencies vary among shrimp 
farms, ranging from 0.62 to 1.00. 
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I. INTRODUCTION 
Aquaculture plays a significant role to Indonesian economy. 
At 2012, Indonesian fisheries exports have reached US $ 4 
billion which shrimp farming contribute more than 38 percent 
[9]. Moreover, shrimp farming contributes in generating 
income through creating employment opportunities for a 
million households that involved in the aquaculture industry 
[6]. 
Indonesian shrimp farming grew rapidly with an average 
growth rate 32.87 percent in the last three years. In addition, 
shrimp production reached 400.385 metric tons at 2011, and 
then production in 2012 reported having risen to 457.600 
metric tons [8][9].  
In general, shrimp cultivated in brackish water ponds with 
different production scale and cultivation systems. According 
to size of management and input factors, shrimp farming 
classified into small, medium and large scales. Small-scale 
farms are typically less than five ha in total brackish water 
pond areas, and usually operated by a family member. In 
terms of cultivation systems, shrimp farming in Indonesia 
divided into four systems, which are traditional, extensive, 
semi-intensive and intensive systems, based on stocking 
density. 
Some characteristics of shrimp farming in Indonesia are 
small-scale farms, local ownership, and low capital. In the 
other hand, they used an intensive system in their shrimp 
cultivation. Intensive system in shrimp cultivation comes at 
high cost. In production, small-scale farmers often faced with 
the problems of scarcity of resources, due to limited capital 
and the brackish water pond area. Those conditions require the 
shrimp farmers more focused on maximizing technical 
efficiency of shrimp production given set of inputs and 
technology. 
The level of efficiency can be measured by using two 
approaches. The first approach is parametric, such as 
Stochastic Frontier Analysis (SFA) developed by Aigner, 
Lovell and Schmidt [1] and Meeusen and van den Broeck [7]. 
Then, the second approach is the non-parametric model, such 
as Data Envelopment Analysis (DEA) developed by Charnes, 
Cooper and Rhodes [3]. 
Those approaches based on calculating efficiency of firms 
with respect to a constructed production frontier. Unlike the 
SFA approach, DEA approach does not require a functional 
form for the information of the production frontier. DEA 
involves the use of linear programming method to construct 
production frontier over the data [4]. 
The objective of this study was to determine the levels of 
technical efficiency on small-scale shrimp farming using Data 
Envelopment Analysis (DEA). 
II. MATERIALS AND METHODS 
A. Materials 
Data used in this study collected from 125 small-scale 
shrimp farmers that using intensive system in Lamongan 
Regency, East Java Province, Indonesia. Lamongan Regency 
selected purposively due to it has been the major area of 
producing shrimp in East Java. Structure questionnaire 
constructed to gather information from the sample shrimp 
farmers. 
B. Methods 
Technical efficiency defined as the ability of a firm to 
obtain maximal output, from given set of input and production 
technology [5]. In this study, DEA used to calculate the levels 
of technical efficiency of shrimp farming.  
DEA compares a set of homogenous Decision Making Unit 
(DMU) relatively and assigns an efficiency level to each 
DMU by finding the distance of each unit with its frontier [4]. 
Those units that lie on the frontier recognized as efficient, vice 
versa. There are two basic models in DEA which are Constant 
Return to Scale (CRS) and Variable Return to Scale (VRS). 
Charnes, Cooper, and Rhodes [3] proposed a model which had 
an input orientation and assume CRS while Banker, Charnes, 
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and Rhodes [2] developed DEA based on the assumption of 
VRS model.  
An input oriented VRS model given below for N farms or 
Decision Making Units (DMU), each farm producing M 
outputs by using K different inputs [4]: 
 min
𝜃 ,𝜆 𝜃, 
 Subject to −𝑦𝑖 + 𝑌𝜆 ≥ 0, 
   𝜃𝑥𝑖 − 𝑋𝜆 ≥ 0, 
   𝑁1′ 𝜆 = 1 
   𝜆 ≥ 0 
 
where 𝜃 is scalar, 𝑁1′  is convexity constrain and 𝜆 is N x 1 
vector of constants. 𝑌  and 𝑋  represents output matrix and 
input matrix, respectively. The value of 𝜃 obtained will be the 
efficiency score for the i-th firm. It will satisfy 𝜃 ≤ 1, with a 
value of 1 indicating a point on the frontier and hence a 
technical efficiency firm [4]. 
DEA with input oriented model chosen due to the farmer 
has more control on inputs rather than output. Output and four 
inputs variable used to determine the levels of technical 
efficiency. Single output defined as the total production of 
shrimp from one pond and measured in kilogram (kg). The 
input include are labour (man-days per ha), formulated feed 
(kg per ha), fertilizer (kg per ha) and stocking density (shrimp 
fry per ha). 
III. RESULTS AND DISCUSSION 
A. Socio-economic characteristics of shrimp farmers 
Socio economic characteristic of shrimp farmers showed in 
Table 1. 
TABLE I.  SOCIO-ECONOMIC CHARACTERISTICS 
Items (n = 125) Frequency % 
Age (years) 
 < 40 
 40 – 50 
 > 50 
 
48 
36 
41 
 
38.4 
28.8 
32.8 
?̅? 43.8 
Education Level (years of schooling) 
 < 7 
 7 – 9 
 > 9 
 
7 
67 
51 
 
5.6 
53.6 
40.8 
?̅? 9.3 
Experience (years) 
 < 6 
 6 – 9 
 > 9 
 
59 
49 
17 
 
47.2 
39.2 
13.6 
?̅? 6 
Land Holding (ha) 
 < 1 
 1 – 2 
 > 2 
 
91 
26 
8 
 
72.8 
20.8 
6.4 
?̅? 0.78 
 
The results revealed that 38.4 percent farmers are in the age 
group less than 40 years. Furthermore, the farmers who have 
age between 40 to 50 attaining 28.8 percent and the rest in the 
age group more than 50 by 32.8 percent. Overall, more than 
67.2 percent of small-scale white shrimp farmers fall into the 
productive age. One of the crucial aspects concerning the 
farmers’   decisions about their production is the educational 
level and experiences in white shrimp farming. Educational 
level and experience in white shrimp farming is expect will 
help improve their ability to improve farms productivity, and 
efficiency. Shrimp farmers attended school for an average of 
9.3 years.  
Moreover, minimum experience in white shrimp farming 
was one year, and the maximum was 11 years, with the 
average was six years in white shrimp farming. In addition, 
majority (72.8 percent) of the farmers occupied land below 
one ha, with an average of 0.78 ha per household.  
B. Shrimp Farming Characteristics 
In the study area, most farmers produced shrimp twice (two 
crops) a year. The first crop started in March for land 
preparation until August while the second crop started in 
September and harvesting in February. In a production cycle, 
it took 110 to 130 days.  
There was no standard design for a shrimp pond in the 
study area. The design for the pond depends on experiences of 
the shrimp farmers, financial capabilities and the 
environmental condition at the pond location. Most of the 
ponds in the study area are rectangular with the mud in the 
bottom of the pond. Furthermore, the dikes that build around 
the shrimp pond made from clay, Acropora coral, and 
concrete.  
Shrimp farming characteristics in Table 2 showed that the 
majority (73.6%) of shrimp farmers used fertilizer (lime, 
dolomite, urea, and bran) between 2,730 to 13,575 kg per ha. 
A large amount of fertilizer (lime and dolomite) used to 
increase the alkalinity of the pond during land and pond 
preparation, due to unfavourable environmental conditions. 
The average amount of shrimp fries, applied in shrimp 
cultivation, was 931,750 fries per ha. Most of the fries were 
from private sources. The farmers used formulated feed 
around 23,850 kg per ha on average. Formulated feed is an 
important factor in white shrimp farming, especially in 
intensive system. White shrimp requires nutritionally balanced 
good quality feed for healthy growth.  
The number of labour used in white shrimp farming was 
depending on the pond size and stocking density. During the 
cultivation time, the household labour mainly worked fulltime 
from the beginning until the end of shrimp cultivation. On 
average, one pond used 188 man-days per ha per production 
cycle. 
Shrimps will be harvested when reaching the marketable 
size (40 to 70 heads per kg). The average amount of shrimp 
harvested was 13,116 kg per ha per crop. More than half of 
the farmers produced a big size of shrimp, at no less than 50 
heads per kg. 
In addition, the main problem in white shrimp production 
was shrimp disease. Most of shrimp farmers stated that at least 
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one of their brackish water ponds infected by White Spot 
Syndrome Virus (WSSV) or Infectious Myonecrosis Virus 
(IMV) in the last production cycle 
TABLE IIIII. SHRIMP FARMINF CHARACTERISTICS 
Items Unit Min Max Mean 
Fertilizer kg / ha 2,730 13,575 6,404 
Sto. Den. fry / ha 400,000 1,750,000 931,750 
Feed kg / ha 10,738 46,492 23,856 
Labour man-days 106 216 188 
Yield kg / ha 5,955 27,266 14,430 
C. Technical Efficiency Analysis 
Table 3 shows the results of the input oriented Data 
Envelopment Analysis. Predicted technical efficiencies vary 
among shrimp farms, ranging from 0.62 to 1.00. The 
frequency distribution showed that a wider spread in overall 
technical efficiency scores under CRS ranging from 0.62 to 
1.00 as compared to a range of 0.87 to 1.00 under the 
assumption of VRS.  
The mean technical efficiency scores across 125 shrimp 
farms under CRS and VRS were 0.82 and 0.97, respectively. 
Hence the technical efficiency scores under VRS were on 
average higher than the average efficiency scores under CRS. 
The different in mean efficiency scores under the two 
different returns to scale assumptions highlight that scale 
inefficiency was present.  
These results indicated that efficiency of shrimp farms in 
the study area can be significantly improved. In addition, 
shrimp farms may reduce their input costs by 3 percent on the 
average while remaining at the same production level. 
TABLE IVVVI. RESULTS OF DATA ENVELOPMENT ANALYSIS 
Efficiency 
Scores 
Data Envelopment Analysis 
CRS* VRS** SE*** 
1.00 6 35 7 
0.90 – 0.99 27 88 33 
0.80 – 0.89 40 2 42 
0.70 – 0.79 31 0 30 
0.60 – 0.69 21 0 13 
Minimum 0.62 0.87 0.62 
Maximum 1.00 1.00 1.00 
Mean 0.82 0.97 0.85 
* : Constant Return to Scale 
** : Variable Return to Scale 
*** : Scale Efficiency 
 
The inputs slacks and excess input are given in table 4. 
Slack indicated excess of an input, a farm can reduce its 
production cost on an input by the amount of slack without 
reducing its output. The greatest slack was in fertilizer. The 
reason behind excess of fertilizer inputs used was attributed 
by the use of lime (CaCO3) and dolomite [CaMg(CO3)2] in 
large quantities to increase the pH of mud in bottom of pond. 
A large amount of fertilizer (lime and dolomite) used to 
increase the alkalinity of the pond during land and pond 
preparation, due to unfavourable environmental conditions.    
TABLE VIIV. INPUT SLACKS 
Input Number of Farms Mean Slack 
Fertilizer 61 150.9 
Sto. Den. 17 2862.6 
Feed 27 120.4 
Labour 3 0.02 
IV. CONCLUSIONS AND RECOMMENDATION 
The main objective of this study was to provide technical 
efficiency of shrimp production in East Java and to explain 
variations in technical efficiency among shrimp farms. An 
input oriented Data Envelopment Analysis (DEA) used to 
measure the levels of technical efficiency from 125 shrimp 
farmers in the study area.  
Finding of the study revealed that the majority of shrimp 
farmers were not operating in technical efficiency, on average. 
They have an opportunity to improve their farms. The mean of 
technical efficiency estimated at 97 percent. Therefore, there 
is a 3 percent scope for increasing shrimp production by using 
the present technology. In addition, technical efficiency 
among shrimp farmers in the study area is ranging from 0.87 
to 1.00 under the assumption of VRS.  
The greatest excesses observed in fertilizer, feed, stocking 
density, and labour, respectively. All these excesses adversely 
affect technical efficiencies of shrimp farming. Finally, it is 
important to note that since efficiency analysis based on a 
single season, extending its results to other production season 
should be made with care.  
The policy implication of findings in this study is that 
government should give support, such as training about 
management of shrimp farming, new technology in shrimp 
farming, and prevention and treatment of shrimp diseases to 
increase the level of efficiency in shrimp production. 
Moreover, government should give support to the extension 
officers frequently visiting the farmers. This expected to 
improve their skill in white shrimp farming and solve their 
technical problems. 
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